Abstract. Pancreatic cancer is characterized by increased hyperplasia of fibrotic tissue, termed desmoplasia, and lymph node metastasis is an independent prognostic factor in this disease. However, there are no reports focused on desmoplasia in pancreatic cancer lymph node metastases. The present study evaluated a range of factors and investigated their association with poor prognosis in pancreatic cancer cases with lymph node metastasis, including the degree of desmoplasia in lesions. To identify the poor prognostic factors associated with lymph node metastasis, the present study retrospectively reviewed the clinical data of 65 patients with lymph node metastases that underwent surgical pancreatic cancer resection between 2007 and 2012 at a single institution. The investigation focused on the degree of fibrosis in metastatic lesions in 216 lymph nodes, and investigated associations with prognosis or clinicopathological findings. The ratios of the fibrotic area in metastatic lymph node lesions were evaluated and classified into three categories, high (≥70%), moderate (10-70%) and low (<10%). Desmoplasia was not observed in cancer-free lymph nodes. The size of metastatic lymph node lesions was additionally measured, and a significant association between metastatic lesion size and the degree of desmoplasia was observed (P<0.001). The degree of desmoplasia was additionally associated with local extranodal invasion. In the analysis of 65 pancreatic cancer patients with metastatic lymph nodes, the presence of multiple metastatic lymph nodes with moderate or high desmoplasia was significantly associated with poor survival (high, P= 0.0048; moderate/high, P= 0.0075). Of several clinicopathological factors, the presence of multiple metastatic lymph nodes with high or moderate desmoplasia was associated with overall survival in univariate (P=0.0098) and multivariate (P= 0.0466) analyses. The degree of desmoplasia in metastatic lymph nodes is associated with lesion size, and the presence of multiple metastatic lymph nodes with desmoplasia is an independent poor prognostic factor, suggesting that the desmoplasia may have an important role in the malignant progression of lymph node metastases.
Introduction
Pancreatic cancer is the fourth leading cause of cancer-related deaths, with a 5-year survival rate less than 7% (1) . The only curative treatment for this malignancy is complete resection, which is possible in only 10-20% of patients (1) (2) (3) . Pancreatic cancer rapidly metastasizes to the liver, lungs, lymph nodes and peritoneum, and the majority of patients eventually succumb with widespread metastatic lesions. Metastasis to regional lymph nodes is one of the key indicators of aggressive tumors. Lymph node status is a powerful predictor of patient survival and one of the key parameters used for staging tumors (4) . These data suggest that there are significant prognostic implications of lymph node metastasis in pancreatic cancer.
Pancreatic cancer is characterized by abundant desmoplastic stroma with activated pancreatic stellate cells and an excessive accumulation of extracellular matrix (5) . Interactions between cancer cells and various stromal cells promote malignancy and inhibit drug penetration into tumors and drug uptake by cancer cells (6) . In previous studies, it has been reported that for resectable pancreatic cancer, high α-smooth muscle Degree of desmoplasia in metastatic lymph node lesions is associated with lesion size and poor prognosis in pancreatic cancer patients actin (αSMA) expression in the primary tumor was a poor prognostic factor, while high stroma density was a favorable prognostic factor (7) (8) (9) . Furthermore, a recent report showed that distant pancreatic cancer metastases have highly fibrotic stroma, similar to the primary tumors, and there was no significant difference in the degree of desmoplasia between primary tumors and metastatic lesions (10) . In papillary thyroid tumors, lymph node metastasis with desmoplasia was correlated with reduced disease-free survival times (11) . However, there are no reports investigating desmoplasia in metastatic lymph nodes in pancreatic cancer patients. Therefore, the precise contribution of desmoplasia to the malignant progression of lymph node metastases in pancreatic cancer remains unclear.
In this study, we evaluated the degree of desmoplasia in metastatic lymph node lesions from pancreatic cancer patients using hematoxylin and eosin (H&E) and immunohistochemical staining for cytokeratin 19 (CK19) and αSMA. In addition, we measured the size of lymph node metastases and investigated potential correlations between the degree of desmoplasia and the size of lymph node metastases as well as evaluating its clinical significance based on clinicopathological findings and prognoses.
Materials and methods
Case selection. We investigated 216 metastatic lymph nodes and 10 lymph nodes without cancer cells dissected from 65 patients with invasive pancreatic ductal carcinomas, which were macroscopically curatively resected at our institution between August 2007 and February 2012. Pancreatectomy was performed in three broad categories, standard pancreaticoduodenectomy, distal pancreatectomy and total pancreatectomy. The lymph node dissection technique at our institution has been standardized to D2 lymph node dissection, according to the general rules for the study of pancreatic cancer by Japan Pancreas Society (12, 13) . Unusual differentiation variants of ductal carcinoma, such as intraductal mucinous neoplasms with invasive carcinoma, were excluded from the study.
Clinical and pathologic data were retrospectively obtained from surgical and pathologic reports. The clinical data included age, sex, neoadjuvant chemotherapy and postoperative chemotherapy; the pathologic data included T, N and R status according to the 7th AJCC/UICC TNM classification system, histologic grade and invasion factors (vascular, lymphatic, perineural, or extranodal) (14) . Overall survival was measured as the time from pancreatic resection to death. Survival analyses were performed in August 2016. Overall survival was analyzed based on the number of metastatic lymph nodes and the degree of desmoplasia in the metastatic lesions.
The study protocol was approved by the Ethics Committee of Kyushu University, Fukuoka, Japan (approval nos. 24-222 and 25-117) and conformed to the Ethical Guidelines for Human Genome/Gene Research enacted by the Japanese Government and the Declaration of Helsinki. All patients provided signed informed consent, approving the use of their personal health information for unspecified research purposes.
Immunohistochemical analysis. Metastatic lymph node tissues from primary pancreatic cancer patients were evaluated by H&E, and CK19 and αSMA immunohistochemistry. Tissues were sliced 4-µm thick and incubated with mouse anti-CK19 antibody (1:500; cat. no. sc-376126; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) or mouse anti-αSMA antibody (1:500; cat. no. M0851; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) overnight at 4˚C. Staining was performed on serial sections. The percentage of fibrous components in the metastatic lymph node lesions were classified into three categories, high (≥70%), moderate (10-70%), and low (<10%). The optimal cut off value in degree of desmoplasia was determined according to our previous report (7) . The sizes of the lesions were also classified into three categories, 0-999, 1,000-1,999, and ≥2,000 µm. When the several status of the degree of desmoplasia in lymph nodes was observed in one patient, the status of the degree of desmoplasia was defined based on the highest degree of desmoplasia in all lymph nodes from such patient. Images were acquired using a confocal laser-scanning microscope (BZ-X700; Keyence, Osaka, Japan).
Statistical analysis.
Results are presented as means ± SD. Patient characteristics were analyzed using the χ 2 and Student's t-tests. Statistical significance was defined as P<0.05. Survival analyses were conducted using the Kaplan-Meier method, and the curves were compared using the log-rank test. All statistical analyses were performed using JMP 12 software (SAS Institute, Cary, NC, USA).
Results
We investigated 226 lymph nodes from 65 patients with invasive pancreatic ductal carcinomas; 216 had metastatic involvement and 10 were cancer-free. The mean age of the patients was 66 years (range, 36-85 years), and 35% were females (n=23). The median tumor size was 37 mm (range, 13-80 mm). The median number of examined lymph nodes was 32 (range, 7-75), and the median number of metastatic lymph nodes was 5 (range, 1-25). At the last follow-up assessment, 56 patients (86%) had died and 9 (14%) were alive; median survival was 22 months. No patients underwent neoadjuvant chemotherapy prior to resection, but postoperative chemotherapy was given to 58 patients (89%). The clinicopathological characteristics of the study cohort are summarized in Table I .
To investigate desmoplasia in lymph node metastases, we assessed the extent of fibrotic components in the 216 lymph nodes with a variety of sizes of metastatic lesions and the ten cancer-free lymph nodes (Fig. 1) . No desmoplasia was observed in lymph nodes without metastases (Fig. 1A) or in lymph nodes with small metastatic lesions (<100 µm) composed of few cancer cells (Fig. 1B) . In lymph nodes with >100 µm metastatic lesions, desmoplasia was observed in some, but not all cases (Fig. 1C) . In the lymph nodes with >2,000 µm metastatic lesions, desmoplasia was frequently observed (Fig. 1D) .
To investigate the clinical significance of desmoplasia in pancreatic cancer lymph node metastases, we stained the 216 metastatic lymph nodes with H&E, anti-CK19, which is a marker for cancer cells, and anti-αSMA, which is a marker for cancer-associated fibroblasts. Then, we evaluated the area covered by the fibrotic components in the samples. We classified these metastatic lesions into three categories according to the percentage of the total area of the metastatic lesions that were histologically fibrotic, high (≥70%), moderate (10-70%), and low (<10%) (Fig. 2) . Based on this classification, 37 (56.9%), 16 (24.6%) and 12 (18.5%) of the 65 evaluable cases fell into the high, moderate and low degree of desmoplasia categories, respectively. Furthermore, 107 lymph nodes (49.54%) of the 216 evaluable samples had a high degree of desmoplasia, 64 (29.63%) had a moderate degree and 45 (20.83%) had a low degree (Table II) . Next, we measured the lesion size of these 216 metastatic lymph nodes to investigate possible correlations between the degree of desmoplasia and lesion size. These results showed that 95.7% of the metastases smaller than 1,000 µm (69/216, 32.0%) were in the low desmoplasia group. Among the metastases larger than 1,000 µm (52/216, 24.1%), 44.2% showed moderate or high degrees of desmoplasia, and among the metastases larger than 2,000 µm (95/216, 44.0 %), 87.3% showed moderate or high degrees of desmoplasia (Table II) . There was a significant correlation between metastatic lesion size and the degree of desmoplasia in these patient-derived samples (P<0.001; Fig. 3A) . Additionally, there was a significant correlation between metastatic lesion size and locally extranodal invasion in these samples (P<0.001; Fig. 3B) .
We also investigated possible correlations between clinicopathological factors and the degree of desmoplasia. As shown in Table III , the degree of desmoplasia in metastatic lesions was not correlated with most clinicopathological factors, such as pT category and lymphatic invasion. Number of metastatic lymph node and locally extranodal invasion were significantly correlated with the degree of desmoplasia in the metastatic lesions.
Next, we evaluated the association between prognosis and the degree of desmoplasia in metastatic lymph node lesions. Kaplan-Meier survival curves showed that there was no significant difference in overall survival between patients with one metastatic lymph node and patients with more than one metastatic lymph node (Fig. 4A) . Moreover, there was no significant difference in overall survival between patients with a high degree of metastatic lymph node desmoplasia and patients with moderate or low degrees of desmoplasia (Fig. 4B) . However, the prognosis of patients with one or zero metastatic lymph nodes with high or moderate degrees of desmoplasia was also significantly better than patients with two or more metastatic lymph nodes with high or moderate degrees of desmoplasia (Fig. 4C) .
Finally, we evaluated the clinicopathological findings, including the degree of desmoplasia in metastatic lymph node lesions, to identify prognostic factors for overall survival in pancreatic cancer patients with lymph node metastasis using univariate and multivariate analyses (Table IV) . In the univariate analysis, we found sex (P= 0.0203), locally extranodal invasion (P=0.0051) and multiple metastatic lymph nodes with high or moderate desmoplasia (P= 0.0098) to be prognostic factors. In multivariate analysis, the presence of multiple metastatic lymph nodes with high or moderate desmoplasia was also a prognostic factor (P=0.0466). Because we analyzed only patients with lymph node metastases who underwent surgical resection for pancreatic cancer in this study, patients with pT4 were exactly the same group as the patients with UICC Stage III or IV. Therefore, we did not include UICC stage in Tables III and IV .
Discussion
The main findings of this study were: i) the degree of desmoplasia in metastatic lymph node lesions from pancreatic cancer patients was significantly correlated with lesion size; ii) the degree of desmoplasia in metastatic lymph nodes was significantly correlated with locally extranodal invasion; and iii) the presence of multiple lymph nodes with high or moderate desmoplasia was correlated with poor prognosis.
In this study, the median number of regional lymph nodes examined per case was 32, and the median number of lymph nodes with metastases was 5. These median values are higher than most values reported in the literature (4, (15) (16) (17) . Also, the percentage of T4 cases in our institutional cohort was higher, possibly due to the fact that this study only included cases with lymph node metastases. The male to female ratio was also higher in our study, but this is a recognized tendency in previous Japanese studies (18) . The median age and tumor size were similar to previous reports. These data suggested that our cohort was representative of the general group of patients with resectable pancreatic cancer, except for there being more advanced cancers and a greater number of metastatic lymph nodes, which was due to our study including only lymph node metastasis cases.
A recent report showed that there were significant prognostic implications of lymph node metastasis in pancreatic cancer (4) . In this study, we focused on desmoplasia, a characteristic pathological finding in primary pancreatic cancer lesions, in metastatic lymph node lesions. Our data showed that there were significant correlations between the size of metastatic lesions and the degree of desmoplasia in the lesions. We Figure 2 . Immunohistochemical assessment of desmoplasia in metastatic lymph nodes. The ratios of the area of the fibrotic components to the total metastatic lesion area were grouped into three categories, high (≥70%), moderate (10-70%), and low (<10%). Metastatic lymph nodes from pancreatic cancer patients were evaluated by H&E, CK19 and αSMA immunohistochemical staining. Original magnification, x200; scale bar, 100 µm. H&E, hematoxylin and eosin; CK19, cytokeratin 19; αSMA, α-smooth muscle actin. also found no increase in the fibrotic component of cancer-free lymph nodes in patients with other metastatic lymph nodes, suggesting that there was no induction of stromal cells as a pre-metastatic niche in lymph nodes without metastases.
Furthermore, these findings also suggested that desmoplasia in lymph node lesions was not present in the early stages of metastasis, but was induced and/or increased with the growth of the lesions. Also, we found that the number of metastatic Table II . Relationship between desmoplasia and metastatic lesion size. Table III . Association between the degree of desmoplasia and clinicopathological factors. Desmoplasia  ----------------------------------------------------------------------------------------------------------- lymph node was significantly correlated with the degree of desmoplasia. In cases with multiple lymph node metastases, a high degree of desmoplasia was frequently observed. These findings also suggest that desmoplasia in lymph node lesions was induced and/or increased with the progression of lymph node metastasis. Finally, we also investigated correlations between clinicopathological factors and the degree of desmoplasia in metastatic lymph nodes, finding that locally extranodal invasion was significantly correlated with the degree of desmoplasia. In addition, locally extranodal invasion was significantly correlated with metastatic lesion size. These results suggest the possibility that locally extranodal invasion in lymph nodes can be controlled by suppressing desmoplasia, and treatment for desmoplasia may improve the prognosis of pancreatic cancer patients with lymph node metastasis accompanied by desmoplasia or locally extranodal invasion. The locally extranodal invasion of lymph nodes is a histological feature that has been considered a prognostic factor in several cancers (19) (20) (21) , and recent reports have shown that locally extranodal invasion of lymph node metastases in pancreatic cancer and cancer of the papilla of Vater was common in these tumors, leading to a significantly increased risk for all-cause mortality (22) . Although the nonrandomized nature and small number of patients in this study limit generalizable conclusions, the results regarding locally extranodal invasion raise important issues that should be investigated in future studies.
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In conclusion, these data demonstrated that the presence of multiple metastatic lymph nodes with high or moderate degrees of desmoplasia was correlated with overall survival in univariate and multivariate analyses. We performed multivariate analysis with six factors (10% of sample size) as shown in Table IV because the number of samples in the present study was small. We also confirmed that the results obtained in multivariate analysis including all factors showed the similar results (number of lymph node with desmoplasia high or moderate, 0, 1/≥2; P=0.0087) and didn't alter the interpretation of our findings and the conclusions of the present study. Locally extranodal invasion and metastatic lesion size were also correlated with the degree of desmoplasia in metastatic lymph nodes. To further determine the contribution of desmoplasia to lymph node metastases, we should clarify the functional role of desmoplasia in the establishment and/or growth of lymph node metastases in the future.
